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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɪɭɩɩɨɣ ɭɱɟɧɵɯ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɧɚɭɱɧɨɦɭ ɨɛɨɫɧɨɜɚɧɢɸ ɩɚ-
ɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦ ɝɟɨɯɨɞɚ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɩɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɜɚɪɢɚɧɬɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ 

ɝɟɨɯɨɞɚ ɢ ɟɝɨ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɢɤ ɢɯ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɵɪɚɛɨɬɚɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤɨ ɜɫɟɦ ɨɫɧɨɜɧɵɦ ɫɢɫɬɟɦɚɦ ɝɟɨɯɨɞɚ [1]. Ɉɞɧɨɣ 

ɢɡ ɝɥɚɜɧɵɯ ɫɢɫɬɟɦ ɝɟɨɯɨɞɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɬɪɚɧɫɦɢɫɫɢɹ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɬɪɚɧɫɦɢɫɫɢɹ ɫɨɡɞɚɟɬ ɧɟɨɛɯɨɞɢ-

ɦɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɢ ɬɹɝɨɜɨɟ ɭɫɢɥɢɟ ɧɚ ɜɧɟɲɧɟɦ ɞɜɢɠɢɬɟɥɟ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɤɨɪɨɫɬɧɵɟ ɩɚɪɚ-
ɦɟɬɪɵ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɧɚɩɨɪɧɨɟ ɭɫɢɥɢɟ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɦ ɨɪɝɚɧɟ [2]. 

Ɉɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɥɧɨɜɨɣ ɩɟɪɟɞɚɱɢ 

ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɬɟɥɚɦɢ ɤɚɱɟɧɢɹ (ȼɉɉɌɄ) ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ [3]. ȼ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɟɲɟɧɢɹɯ 
ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɜɨɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɢɞɪɨɰɢɥɢɧɞɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɩɨ ɯɨɪɞɚɦ 

ɨɤɪɭɠɧɨɫɬɢ ɤɨɪɩɭɫɚ ɝɟɨɯɨɞɚ [4]. Ɍɚɤɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɢɦɟɟɬ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ, 
ɬɚɤɢɯ ɤɚɤ: ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢ ɰɢɤɥɢɱɧɨɫɬɶ ɜɪɚɳɟɧɢɹ ɝɨɥɨɜɧɨɣ ɫɟɤɰɢɢ, ɫɭɳɟɫɬɜɟɧɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɧɚɝɪɭɡɤɢ ɧɚ ɤɨɪɩɭɫ, ɫɭɳɟɫɬɜɟɧɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɤɨɪɩɭɫ ɜ ɦɟɫɬɚɯ ɤɪɟɩɥɟɧɢɹ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ [5]. ɉɪɢ-

ɦɟɧɟɧɢɟ ȼɉɉɌɄ ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ ɜɩɨɥɧɟ ɩɟɪɫɩɟɤɬɢɜɧɨ ɬ.ɤ. ɩɪɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɜɵɲɚɟɬɫɹ 
ɩɥɚɜɧɨɫɬɶ ɪɚɛɨɬɵ, ɫɧɢɠɚɸɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɤɨɪɩɭɫ ɝɟɨɯɨɞɚ. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 

ɝɟɨɯɨɞɚ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɨɝɨ ɬɢɩɚ ȼɉɉɌɄ – ɫ ɩɨɥɵɦ ɜɚɥɨɦ. ȼ ɪɚɛɨɬɟ [6] 

ɨɩɪɟɞɟɥɟɧɨ ɫɯɟɦɧɨɟ ɪɟɲɟɧɢɟ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ ɫ ȼɉɉɌɄ ɫ ɩɨɥɵɦ ɜɚɥɨɦ, ɧɚɢɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɟɟ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ, ɩɨɷɬɨɦɭ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ 
ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɦɟɧɬɨɜ ȼɉɉɌɄ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ. 

ɉɚɪɚɦɟɬɪɵ ɫɢɥɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ȼɉɉɌɄ ɨɩɪɟɞɟɥɹɸɬ ɭɫɢɥɢɹ ɢ ɜɪɚɳɚɸɳɢɟ ɦɨɦɟɧɬɵ ɜɨɡ-
ɧɢɤɚɸɳɢɟ ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɝɟɧɟɪɚɬɨɪɨɦ ɜɨɥɧ, ɫɟɩɚɪɚɬɨɪɨɦ, ɡɭɛɱɚɬɵɦ ɜɟɧɰɨɦ ɢ ɪɨɥɢɤɨɦ 
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(ɪɢɫɭɧɨɤ 1). Ʉɨɧɫɬɪɭɤɬɢɜɧɵɣ ɷɥɟɦɟɧɬ ɜ ɜɢɞɟ ɫɤɜɨɡɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ ɝɟɧɟɪɚɬɨɪɟ ɜɨɥɧ ɨɩɪɟɞɟɥɹɟɬ ɝɚ-
ɛɚɪɢɬ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ L ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɟɨɯɨɞɚ. ȼ ȼɉɉɌɄ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ (ɜ ɪɚɛɨɬɟ) 30…50% ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɪɨɥɢɤɨɜ [7]. Ⱦɥɹ ɫɨɡɞɚ-
ɧɢɹ ɬɹɝɨɜɨɝɨ ɭɫɢɥɢɹ ɬɪɚɧɫɦɢɫɫɢɟɣ ɧɟɨɛɯɨɞɢɦɨ ɱɬɨ ɛɵ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɡɭɛɱɚɬɨɦ ɜɟɧɰɟ Ɇȼ 

ɛɵɥ ɛɨɥɶɲɟ ɬɪɟɛɭɟɦɨɝɨ ɜɧɟɲɧɟɝɨ ɦɨɦɟɧɬɚ [2]. ɉɪɢ ɪɚɛɨɬɟ ȼɉɉɌɄ ɜ ɤɨɧɬɚɤɬɧɵɯ ɩɚɪɚɯ «ɝɟɧɟɪɚɬɨɪ 
ɜɨɥɧ–ɪɨɥɢɤ», «ɡɭɛɱɚɬɵɣ ɜɟɧɟɰ–ɪɨɥɢɤ» ɢ «ɫɟɩɚɪɚɬɨɪ–ɪɨɥɢɤ» ɫɨɡɞɚɸɬɫɹ ɚɤɬɢɜɧɵɟ ɢ ɜɨɡɧɢɤɚɸɬ ɪɟɚɤ-
ɬɢɜɧɵɟ ɭɫɢɥɢɹ FG, Fȼ, Fɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɢɥɵ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɪɨɥɢɤ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫ-
ɬɟɦɭ ɫɯɨɞɹɳɢɯɫɹ ɫɢɥ, ɤɨɬɨɪɭɸ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɨɣ ɫ ɪɨɥɢ-

ɤɨɦ ɢ ɡɭɛɱɚɬɵɦ ɜɟɧɰɨɦ. Ɉɫɶ ɨɪɞɢɧɚɬ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɰɟɧɬɪ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ Ɉȼ 
(ɰɟɧɬɪ ɫɟɩɚɪɚɬɨɪɚ Ɉɋ) ɢ ɰɟɧɬɪ i-ɝɨ ɪɨɥɢɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ, ɨɫɶ ɚɛɫɰɢɫɫ – ɩɟɪɩɟɧɞɢɤɭ-
ɥɹɪɧɚ ɨɫɢ ɨɪɞɢɧɚɬ. 

ɋɢɥɨɜɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɨɥɢɤɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ȼɉɉɌɄ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɜɪɚɳɟɧɢɢ ɝɟɧɟɪɚɬɨɪɚ 
ɜɨɥɧ. Ɍɟɤɭɳɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɛɨɡɧɚɱɟɧ G, ɡɚɰɟɩɥɟɧɢɟ ɜ ɩɟɪɟɞɚɱɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɭɱɚɫɬɤɟ 
*. ɉɪɢ ɷɬɨɦ ɚɤɬɢɜɧɚɹ ɫɢɥɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ ɧɚ ɪɨɥɢɤɟ FG, ɜɨɡɞɟɣɫɬɜɭɟɬ ɩɨ ɥɢɧɢɢ 

ɫɨɟɞɢɧɹɸɳɟɣ ɰɟɧɬɪ ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ ɈG ɫ ɬɨɱɤɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɨɥɢɤɚ ɢ ɝɟɧɟɪɚɬɨɪɚ. ɍɝɨɥ ɦɟɠɞɭ 
ɥɢɧɢɹɦɢ, ɫɨɟɞɢɧɹɸɳɢɦɢ ɬɨɱɤɭ ɈG ɢ ɬɨɱɤɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ ɢ ɨɫɶɸ y, ɹɜɥɹɟɬɫɹ ɭɝɥɨɦ 

ɞɚɜɥɟɧɢɹ ɧɚ ɪɨɥɢɤ ȥɊ. 
 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ȼɉɉɌɄ ɫ ɩɨɥɵɦ ɜɚɥɨɦ 

1 – ɝɟɧɟɪɚɬɨɪ ɜɨɥɧ, 2 – ɫɟɩɚɪɚɬɨɪ, 3 – ɡɭɛɱɚɬɵɣ ɜɟɧɟɰ, 4 – ɬɟɥɨ ɤɚɱɟɧɢɹ (ɪɨɥɢɤ), 
L – ɝɚɛɚɪɢɬ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 

 

ȼ ɬɨɱɤɟ ɤɨɧɬɚɤɬɚ ɪɨɥɢɤɚ ɫ ɡɭɛɱɚɬɵɦ ɜɟɧɰɨɦ ɜɨɡɧɢɤɚɟɬ ɪɟɚɤɬɢɜɧɚɹ ɫɢɥɚ Fȼ, ɤɨɬɨɪɚɹ ɜɨɡɞɟɣɫɬ-
ɜɭɟɬ ɩɨ ɥɢɧɢɢ, ɫɨɟɞɢɧɹɸɳɟɣ ɬɨɱɤɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɰɟɧɬɪ ɪɨɥɢɤɚ. ɍɝɨɥ ȼ ɦɟɠɞɭ ɥɢɧɢɹɦɢ, ɫɨɟɞɢ-

ɧɹɸɳɢɦɢ ɬɨɱɤɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɰɟɧɬɪɨɦ ɪɨɥɢɤɚ ɢ ɨɫɶɸ y, ɹɜɥɹɟɬɫɹ ɭɝɥɨɦ ɩɟɪɟɞɚɱɢ ɞɜɢɠɟɧɢɹ. 
ȼ ɬɨɱɤɟ ɤɨɧɬɚɤɬɚ ɪɨɥɢɤɚ ɢ ɫɟɩɚɪɚɬɨɪɚ ɜɨɡɧɢɤɚɟɬ ɪɟɚɤɬɢɜɧɚɹ ɫɢɥɚ Fɋ, ɥɢɧɢɹ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɨɣ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɩɥɨɫɤɨɫɬɢ ɩɟɪɟɦɵɱɤɢ ɫɟɩɚɪɚɬɨɪɚ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɫɨɜɟɪɲɟɧɢɢ ɪɚɛɨɱɟɝɨ ɯɨ-
ɞɚ, ɪɨɥɢɤ ȼɉɉɌɄ ɞɜɢɝɚɟɬɫɹ ɨɬ ɰɟɧɬɪɚ ɫɟɩɚɪɚɬɨɪɚ Ɉɋ, ɧɚ ɩɥɨɫɤɨɫɬɢ ɩɟɪɟɦɵɱɤɢ ɜɨɡɧɢɤɚɟɬ ɫɢɥɚ ɬɪɟɧɢɹ 
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FɌɊ, ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɨɣ – ɜɞɨɥɶ ɩɥɨɫɤɨɫɬɢ ɩɟɪɟɦɵɱɤɢ ɫɟɩɚɪɚɬɨɪɚ. ɉɨɥɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ '
CF  ɪɚɜɧɚ 

ɜɟɤɬɨɪɧɨɣ ɫɭɦɦɟ ɞɚɧɧɵɯ ɫɢɥ: C ɌɊF F . Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɫɢɥɵ '
CF  ɨɬɤɥɨɧɟɧɚ ɨɬ ɥɢɧɢɢ ɞɟɣɫɬɜɢɹ ɫɢ-

ɥɵ Fɋ ɧɚ ɭɝɨɥ ɬɪɟɧɢɹ ɌɊ. 
ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ Ɇȼ ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɡɭɛɱɚɬɨɦ ɜɟɧɰɟ ɡɚ ɫɱɟɬ ɫɭɦɦɢɪɨɜɚɧɢɹ ɩɪɨɟɤɰɢɣ ɪɟɚɤ-

ɰɢɢ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ FBi ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ i-ɝɨ ɪɨɥɢɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ, ɧɚ ɨɫɶ xi, ɩɪɢ ɩɥɟɱɟ 
ɦɨɦɟɧɬɚ ɪɚɜɧɨɦ ɫɪɟɞɧɟɦɭ ɪɚɞɢɭɫɭ ɫɟɩɚɪɚɬɨɪɚ Rɋɫɪ: 

ɊɁZ

ȼ ȼXi ɋɫɪ
i 1

Ɇ F R


       (1) 

ɝɞɟ FBXi – ɩɪɨɟɤɰɢɹ ɪɟɚɤɰɢɢ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ i-ɝɨ ɪɨɥɢɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ 
ɡɚɰɟɩɥɟɧɢɢ, ɧɚ ɨɫɶ xi, ɇ; 

Rɋɫɪ – ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɫɟɩɚɪɚɬɨɪɚ ɩɟɪɟɞɚɱɢ, ɦ; 

ZɊɁ – ɱɢɫɥɨ ɪɨɥɢɤɨɜ ɜ ɩɟɪɟɞɚɱɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ. 

 

ɉɪɨɟɤɰɢɹ ɪɟɚɤɰɢɢ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ i-ɝɨ ɪɨɥɢɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ, ɧɚ 
ɨɫɶ xi, 

FBXi=FBisinȼi      (2) 

ɝɞɟ ȼi – ɭɝɨɥ ɩɟɪɟɞɚɱɢ ɞɜɢɠɟɧɢɹ ɞɥɹ i-ɝɨ ɪɨɥɢɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ, ɝɪɚɞ; 

 FBi – ɫɢɥɚ ɜɨɡɞɟɣɫɬɜɢɹ ɪɨɥɢɤɚ ɧɚ ɡɭɛɱɚɬɵɣ ɜɟɧɟɰ, ɝɪɚɞ. 
ɋɪɟɞɧɢɣ ɪɚɞɢɭɫ ɫɟɩɚɪɚɬɨɪɚ ɩɟɪɟɞɚɱɢ: 

Rɋɫɪ=dPZ(1+KWɉ)/2ʌ     (3) 

ɝɞɟ dP – ɞɢɚɦɟɬɪ ɪɨɥɢɤɚ ɩɟɪɟɞɚɱɢ, ɦɦ; 

Z – ɨɛɳɟɟ ɱɢɫɥɨ ɪɨɥɢɤɨɜ ɜ ɩɟɪɟɞɚɱɟ; 
KWɉ – ɤɨɷɮɮɢɰɢɟɧɬ ɲɢɪɢɧɵ ɩɟɪɟɦɵɱɤɢ ɫɟɩɚɪɚɬɨɪɚ; 
ɑɢɫɥɨ ɪɨɥɢɤɨɜ ɜ ɩɟɪɟɞɚɱɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ: 

ZɊɁ=ɄɊɁZ      (4) 

ɝɞɟ ɄɊɁ – ɤɨɷɮɮɢɰɢɟɧɬ ɱɢɫɥɚ ɪɨɥɢɤɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ, ɄɊɁ=0,3…0,5 

[7]. 

ɉɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɩɟɪɟɞɚɱɢ q ɩɪɢ ɨɫɬɚɧɨɜɥɟɧɧɨɦ ɫɟɩɚɪɚɬɨɪɟ [6]: 

q=Z+1       (5) 

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɜɨɥɧ ɆG: 

G ȼɆ Ɇ q       (6) 

Ɋɟɚɤɬɢɜɧɵɣ ɦɨɦɟɧɬ ɧɚ ɫɟɩɚɪɚɬɨɪɟ [7]: 

  C GɆ ( q 1) Ɇ      (7) 

Ɋɟɚɤɬɢɜɧɵɣ ɦɨɦɟɧɬ ɧɚ ɫɟɩɚɪɚɬɨɪɟ, ɜɵɪɚɠɟɧɧɵɣ ɱɟɪɟɡ Ɇȼ: 

 C ȼ
ZɆ Ɇ
q

      (8) 

ȼɪɚɳɚɸɳɢɟ ɦɨɦɟɧɬɵ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɜɨɥɧ, ɡɭɛɱɚɬɨɦ ɜɟɧɰɟ ɢ ɫɟɩɚɪɚɬɨɪɟ ɩɨɫɬɨɹɧɧɵ. 

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ Ɇȼ ɭɪɚɜɧɨɜɟɲɢɜɚɟɬɫɹ ɜɧɟɲɧɢɦ ɦɨɦɟɧɬɨɦ ɆȼɊ. Ɇɨɦɟɧɬ Ɇɋ ɭɪɚɜɧɨɜɟɲɢ-

ɜɚɟɬɫɹ ɪɟɚɤɰɢɟɣ ɜ ɡɚɞɟɥɤɟ. 
ɇɨɪɦɚɥɶɧɚɹ ɫɢɥɚ ɪɟɚɤɰɢɢ ɧɚ i-ɨɣ ɩɟɪɟɦɵɱɤɟ ɫɟɩɚɪɚɬɨɪɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɪɭɬɹɳɟɦɭ 

ɦɨɦɟɧɬɭ ɧɚ ɫɟɩɚɪɚɬɨɪɟ, ɨɬɧɟɫɟɧɧɨɦɭ ɤ ɫɪɟɞɧɟɦɭ ɪɚɞɢɭɫɭ ɫɟɩɚɪɚɬɨɪɚ, ɢ ɪɚɫɩɪɟɞɟɥɟɧɚ ɦɟɠɞɭ ɪɨɥɢɤɚ-
ɦɢ ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ: 



C

ɋi
ɋɫɪ ɊɁ

Ɇ
F

R Z
      (9) 

ɉɨɥɧɚɹ ɫɢɥɚ ɪɟɚɤɰɢɢ ɧɚ i-ɨɣ ɩɟɪɟɦɵɱɤɟ ɫɟɩɚɪɚɬɨɪɚ: 

' Ci
Ci

ɌɊ

F
F

cos
      (10) 

ɝɞɟ ɌɊ – ɭɝɨɥ ɬɪɟɧɢɹ ɫɬɚɥɢ ɩɨ ɫɬɚɥɢ ɩɪɢ ɧɚɥɢɱɢɢ ɫɦɚɡɤɢ (ɌɊ=2,86…5,72). 
ɋɢɥɚ ɬɪɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ ɪɨɥɢɤɚ ɩɨ ɩɟɪɟɦɵɱɤɟ ɫɟɩɚɪɚɬɨɪɚ: 

 ɌɊi ɋi ɌɊF F tg      (11) 



 

 

 

 

 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
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ɉɪɢ ɞɜɢɠɟɧɢɢ ɪɨɥɢɤ ɧɚɯɨɞɢɬɶɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɟɚɤɰɢɣ ɫɟɩɚɪɚɬɨɪɚ, ɝɟɧɟɪɚɬɨɪɚ, 
ɜɟɧɰɚ ɢ ɫɢɥɵ ɬɪɟɧɢɹ ɨ ɩɨɜɟɪɯɧɨɫɬɶ ɩɟɪɟɦɵɱɤɢ ɫɟɩɚɪɚɬɨɪɚ (ɪɢɫɭɧɨɤ 2). 

ɍɪɚɜɧɟɧɢɟ ɫɢɥ ɧɚ ɨɫɶ xi ɞɥɹ i-ɝɨ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ, ɪɨɥɢɤɚ: 
      Xi ȼi ȼi Ci Gi ɊiF F sin F F sin 0     (12) 

ɍɪɚɜɧɟɧɢɟ ɫɢɥ ɧɚ ɨɫɶ yi ɞɥɹ i-ɝɨ ɪɨɥɢɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ: 

     Yi Gi Ɋi ȼi ȼiF F cos F cos 0      (13) 

ɋɢɥɭ ɬɪɟɧɢɹ FɌɊ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɧɟ ɭɱɢɬɵɜɚɟɦ, ɜ ɜɢɞɭ ɟɟ ɦɚɥɨɝɨ ɡɧɚɱɟɧɢɹ. ɍɪɚɜɧɟɧɢɹ (12), 

(13) ɨɬɧɨɫɹɬɫɹ ɤ ɨɞɧɨɣ ɫɢɫɬɟɦɟ ɫɢɥ: 
    



    

ȼi ȼi Ci Gi Ɋi

Gi Ɋi ȼi ȼi

F sin F F sin 0

F cos F cos 0

 

 

    (14) 

Ɋɟɚɤɰɢɹ ɜ ɡɭɛɱɚɬɨɦ ɜɟɧɰɟ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ i-ɝɨ ɪɨɥɢɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ: 

  Pi
ȼi Gi

Bi

cos
F F

cos




      (15) 

Ɋɢɫ. 2. ɉɥɚɧ ɫɢɥ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɪɨɥɢɤɭ 

 

Ɋɟɚɤɰɢɹ ɜ ɝɟɧɟɪɚɬɨɪɟ ɜɨɥɧ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ i-ɝɨ ɪɨɥɢɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ: 


 

 
 

ɋi
Gi

Pi
Pi

Bi

F
F

cos
sin

cos

 


     (16) 

ɍɝɨɥ ȼi [8]: 



 

 

 

 

 

ɋɟɤɰɢɹ 5: ɉɟɪɟɞɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɬɟɯɧɢɤɚ ɞɥɹ ɚɝɪɨɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȺɉɄ)  
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   
   

Gi
ȼi

2 2 2
Gi

q e sin
arctg

R e sin




,    (17) 

ɍɝɨɥ ȥɊi [8]: 

 
    

Gi
Ɋi

Gi

e sin
arctg

R e cos




     (18) 

ɝɞɟ e – ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɩɟɪɟɞɚɱɢ, ɦ; 

 R – ɩɥɟɱɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ ɢ ɪɨɥɢɤɚ ɩɟɪɟɞɚɱɢ, ɦ. 

ɉɥɟɱɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ ɢ ɪɨɥɢɤɚ ɩɟɪɟɞɚɱɢ [7]: 

 P
G

d
R R

2
       (19) 

ɝɞɟ RG – ɪɚɞɢɭɫ ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ, ɦ. 

ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ FGi ɢɡ (16) ɫ ɭɱɟɬɨɦ (17) ɢ (18): 

 


Bi
Gi ɋi

Bi Pi

cos
F F

sin( )


 

    (20) 

Ɍɚɤ ɤɚɤ ɭɝɥɵ ȼ ɢ ȥP ɦɟɧɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ G, ɬɨ ɧɚ ɭɱɚɫɬɤɟ ɡɚɰɟɩɥɟɧɢɹ, ɫɢɥɵ 

ɞɟɣɫɬɜɭɸɬ ɧɚ ɝɟɧɟɪɚɬɨɪ ɜɨɥɧ ɢ ɡɭɛɱɚɬɵɣ ɜɟɧɟɰ ɧɟɨɞɢɧɚɤɨɜɨ ɢ ɜɟɥɢɱɢɧɚ ɜɨɡɞɟɣɫɬɜɢɹ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ 
ɩɨɜɨɪɨɬɚ ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ G. 

Ⱦɥɹ ɞɢɚɦɟɬɪɚ ɝɟɨɯɨɞɚ 3,7 ɦ, ɩɪɢ Ɇȼ=1,75106 ɇɦ ɢ ɄɊɁ=0,3 ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɭɫɢɥɢɣ ɜ ɡɭɛɱɚɬɨɦ ɜɟɧɰɟ Fȼ, ɝɟɧɟɪɚɬɨɪɟ ɜɨɥɧ FG ɢ ɫɟɩɚɪɚɬɨɪɟ F’
C ɨɬ ɬɟɤɭɳɟɝɨ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɝɟɧɟɪɚ-

ɬɨɪɚ G (ɪɢɫɭɧɨɤ 3). 

 
Ɋɢɫ. 3. ȼɥɢɹɧɢɟ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ G ɧɚ ɭɫɢɥɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɷɥɟɦɟɧɬɚɯ ȼɉɉɌɄ 

 

Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɚ ɩɨɤɚɡɵɜɚɟɬ ɱɬɨ, ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɩɨɜɨɪɨɬɚ ɝɟɧɟɪɚɬɨɪɚ ɢɦɟɟɬ ɦɟɫɬɨ ɫɤɚɱɤɨ-
ɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ ɭɫɢɥɢɣ ɜ ɡɭɛɱɚɬɨɦ ɜɟɧɰɟ Fȼ ɢ ɝɟɧɟɪɚɬɨɪɟ ɜɨɥɧ FG. ȼɨɡɧɢɤɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ 
ɭɫɢɥɢɹ Fȼmax ɢ FȽmax ɫɧɢɠɚɸɬɫɹ ɞɨ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ Fȼɫɪ ɢ FGɫɪ ɜ ɩɪɟɞɟɥɚɯ 1/3 ɨɬ ɭɝɥɚ ɡɚɰɟɩɥɟɧɢɹ *. 

ȼɨɡɧɢɤɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɭɫɢɥɢɹ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɜɟɞɟɧɢɹ ɜ ɪɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɞɚɱɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɟɪɚɜɧɨɦɟɪɧɨ-
ɫɬɢ ɧɚɝɪɭɡɤɢ Ʉɇɇ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɫɢɥɢɹ ɤ ɫɪɟɞɧɟɦɭ: 

 HH ȼmax ȼɫɪ G max GɫɪK F F F F     (21) 

Ɂɧɚɱɟɧɢɹ Ʉɇɇ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɝɚɛɚɪɢɬɨɜ ɩɟɪɟɞɚɱɢ ɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɧɚ 
ɡɭɛɱɚɬɨɦ ɜɟɧɰɟ. Ⱦɥɹ ɝɟɨɯɨɞɚ ɞɢɚɦɟɬɪɨɦ 3,7 ɦ, ɩɪɢ Ɇȼ=1,75106 ɇɦ ɢ ɄɊɁ=0,3 ɡɧɚɱɟɧɢɟ 
Fȼmax≈FGmaɯ≈7,96105 ɇ, Fȼɫɪ≈FGɫɪ≈ 0,49105 ɇ, ɡɧɚɱɟɧɢɟ Ʉɇɇ≈16. 

ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɹɜɥɹɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬɨɜ 
ȼɉɉɌɄ ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɫɢɥɨɜɨɝɨ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ȼɉɉɌɄ ɩɪɢ ɪɚɛɨɬɟ ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ. Ɂɧɚɱɟɧɢɹ ɭɫɢɥɢɣ ɢ ɜɪɚɳɚɸɳɢɯ 
ɦɨɦɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɣ ɦɨɞɟɥɢ, ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
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ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɪɢɚɥɚ ɬɟɥɚ ɤɚɱɟɧɢɹ, ɝɟɧɟɪɚɬɨɪɚ ɜɨɥɧ, ɫɟɩɚɪɚɬɨɪɚ ɢ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ, ɚ 
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Ʌɢɬɟɪɚɬɭɪɚ. 
1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɨɫɧɨɜɧɵɦ ɫɢɫɬɟɦɚɦ ɝɟɨɯɨɞɚ // Ⱥɤɫɟɧɨɜ ȼ.ȼ., ȿɮɪɟɦɟɧɤɨɜ Ⱥ.Ȼ., ɋɚ-
ɞɨɜɟɰ ȼ.ɘ., Ȼɥɚɳɭɤ Ɇ.ɘ., Ȼɟɝɥɹɤɨɜ ȼ.ɘ., Ɍɢɦɨɮɟɟɜ ȼ.ɘ. – ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɝɨɪɧɨ-
ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ: ɋɛɨɪɧɢɤ ɫɬɚɬɟɣ. Ɉɬɞɟɥɶɧɵɣ ɜɵɩɭɫɤ Ƚɨɪɧɨɝɨ ɢɧɮɨɪɦɚɰɢ-

ɨɧɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɛɸɥɥɟɬɟɧɹ (ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɠɭɪɧɚɥɚ). – 2009. – 10. – 432. – Ɇ.: ɂɡ-
ɞɚɬɟɥɶɫɬɜɨ «Ƚɨɪɧɚɹ ɤɧɢɝɚ» (Ƚɨɪɧɵɣ ɢɧɠɟɧɟɪ). ɋ. 107–118. 

2. Determination of Necessary Forces for Geohod Movement // Efremenkov, A.B., Timofeev, V.Yu., The 

7th International Forum on Strategic Technology IFOST2012, IEEE Catalog Number: CFP12786-PRT, 

ISBN: 978-1-4673-1770-2, Tomsk Polytechnic University September 17-21. Pp. 211-214. 

3. Ɉɛɡɨɪ ɜɨɥɧɨɜɵɯ ɩɟɪɟɞɚɱ ɜɨɡɦɨɠɧɵɯ ɤ ɩɪɢɦɟɧɟɧɢɸ ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ // Ⱥɤɫɟɧɨɜ ȼ.ȼ., ȿɮ-

ɪɟɦɟɧɤɨɜ Ⱥ.Ȼ., Ȼɥɚɳɭɤ Ɇ.ɘ., Ɍɢɦɨɮɟɟɜ ȼ.ɘ. Ƚɨɪɧɨɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ: Ɍɪɭɞɵ VII ȼɫɟɪɨɫɫɢɣɫɤɨɣ 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ. Ɉɬɞɟɥɶɧɵɣ ɜɵɩɭɫɤ Ƚɨɪɧɨɝɨ ɢɧ-

ɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɛɸɥɥɟɬɟɧɹ (ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɠɭɪɧɚɥɚ) Mining Informational 

and analitical Bulletin (scientific and tecnical journal). - 2010. - ʋOB3 - 464 c. – M.: ɢɡɞɚɬɟɥɶɫɬɜɨ 
«Ƚɨɪɧɚɹ ɤɧɢɝɚ». ɋ. 137-149. 

4. Vladimir V. Aksenov, Mikhail Yu. Blaschuk, Mikhail V. Dubrovskii. Estimation of torque variation of 

geohod transmission with hydraulic drive // Applied Mechanic and Materials. Vol. 379 (2013). Pp.. 

available at: http://www.scintific.net. 

5. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ // Ⱥɤɫɟɧɨɜ ȼ.ȼ., 

ȿɮɪɟɦɟɧɤɨɜ Ⱥ.Ȼ., Ȼɥɚɳɭɤ Ɇ.ɘ., Ɍɢɦɨɮɟɟɜ ȼ.ɘ. Ƚɨɪɧɨɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ: Ɍɪɭɞɵ VII ȼɫɟɪɨɫɫɢɣ-

ɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ. Ɉɬɞɟɥɶɧɵɣ ɜɵɩɭɫɤ Ƚɨɪɧɨɝɨ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɛɸɥɥɟɬɟɧɹ (ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɠɭɪɧɚɥɚ) Mining Informational 

and analitical Bulletin (scientific and tecnical journal). - 2010. - ʋOB3 - 464 c. – M.: ɢɡɞɚɬɟɥɶɫɬɜɨ 
«Ƚɨɪɧɚɹ ɤɧɢɝɚ». ɋ. 184-194. 

6. ɋɢɧɬɟɡ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦɧɵɯ ɪɟɲɟɧɢɣ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ ɫ ɜɨɥɧɨɜɨɣ ɩɟɪɟɞɚɱɟɣ // Ⱥɤɫɟɧɨɜ ȼ.ȼ., 

Ɍɢɦɨɮɟɟɜ ȼ.ɘ. Ɉɬɞɟɥɶɧɵɣ ɜɵɩɭɫɤ Ƚɨɪɧɨɝɨ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɛɸɥɥɟɬɟɧɹ (ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɨɝɨ ɠɭɪɧɚɥɚ) Mining Informational and analitical Bulletin (Scientific And Tecnical Journal). 

– Ɇ.: ɂɡɞɚɬɟɥɶɫɬɜɨ «Ƚɨɪɧɚɹ ɤɧɢɝɚ». – 2013.– ʋ Ɉȼ6. – 532 ɫ. ɋ. 426-439. 

7. Ȼɟɥɹɟɜ Ⱥ.ȿ., Ɇɟɯɚɧɢɱɟɫɤɢɟ ɩɟɪɟɞɚɱɢ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɬɟɥɚɦɢ ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɢ ɢ ɞɨɥɝɨ-
ɜɟɱɧɨɫɬɢ. ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ – Ɍɨɦɫɤ: ɢɡɞ. Ɍɉɂ ɢɦ. ɋ.Ɇ, Ʉɢɪɨɜɚ, 1986. - 60 ɫ. 

8. Ɉɬɱɟɬ ɨ ɇɂɊ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤ ɪɚɫɱɟɬɚ ɪɟɞɭɤɬɨɪɚ ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ. 

ɍȾɄ621.833.1. ɂɧɜ. ɧɨɦɟɪ ɝɨɫ. ɪɟɝɢɫɬɪɚɰɢɢ ʋ 0188.0081983. 1988. ɋ. 53. 

 

 

ɋɈȼȿɊɒȿɇɋɌȼɈȼȺɇɂȿ ɉɊɂȬɆɈȼ ɂ ɋɊȿȾɋɌȼ ɈɉɊȿȾȿɅȿɇɂə ɉɈɅɈɀȿɇɂə 

ɁȺȻɈə ɋɄȼȺɀɂɇ 

Ƚ.Ⱥ. ɐɜɟɬɤɨɜ, ɞ.ɬ.ɧ., ɩɪɨɮ., ȼ.ɂ. Ʉɨɫɬɢɰɵɧ*, ɞ.ɬ.ɧ., ɩɪɨɮ. 

 ɉɟɪɦɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

614990, ɝ.ɉɟɪɦɶ, Ʉɨɦɫɨɦɨɥɶɫɤɢɣ ɩɪɨɫɩɟɤɬ, 29, ɬɟɥ. +79082474136 

E-mail: zvetkov71043@mail.ru 

*ɉɟɪɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

614990, ɝ. ɉɟɪɦɶ, ɭɥ. Ȼɭɤɢɪɟɜɚ, 15, ɬɟɥ. +73422396326 

E-mail: info@psu.ru 

ȼɜɟɞɟɧɢɟ 
Ʉɨɨɪɞɢɧɚɬɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɡɚɛɨɹ ɨɛɫɚɠɟɧɧɵɯ ɢ ɧɟɨɛɫɚɠɟɧɧɵɯ ɫɤɜɚɠɢɧ ɨɩɪɟ-

ɞɟɥɹɸɬ ɧɚ ɨɫɧɨɜɟ ɪɟɝɢɫɬɪɚɰɢɢ ɜɪɟɦɟɧɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɨɬ ɬɨɱɟɤ ɢɯ ɜɨɡɛɭɠ-

ɞɟɧɢɹ ɧɚ ɞɧɟɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɚɣɨɧɟ ɭɫɬɶɹ ɫɤɜɚɠɢɧɵ ɞɨ ɡɚɛɨɹ. 
Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɫɟɣɫɦɨɪɚɡɜɟɞɤɢ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢ-

ɬɢɟ ɫɩɨɫɨɛɨɜ ɢ ɫɪɟɞɫɬɜ ɜɨɡɛɭɠɞɟɧɢɹ ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ [1,2]. Ɉɛɵɱɧɨ ɝɟɧɟɪɢɪɭɟɦɵɣ ɫɢɝɧɚɥ ɪɚɫɩɪɨ-
ɫɬɪɚɧɹɟɬɫɹ ɜ ɜɢɞɟ ɩɪɨɞɨɥɶɧɨɣ ɜɨɥɧɵ, ɨɞɧɚɤɨ ɜɫɥɟɞɫɬɜɢɟ ɧɚɥɢɱɢɹ ɨɬɤɥɨɧɟɧɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɜɟ-
ɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȽɋɄ ɜɨɡɦɨɠɧɨ ɜɨɡɛɭɠɞɟɧɢɟ ɩɨɩɟɪɟɱɧɵɯ ɜɨɥɧ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɫɦɟɳɟɧɢɸ ɜɟɤɬɨ-
ɪɚ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɜ ɬɨɱɤɟ ɩɪɢɟɦɚ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟ ɨɞɧɨɝɨ ɢɡ 
ɜɚɪɢɚɧɬɨɜ ɭɦɟɧɶɲɟɧɢɹ ɜɟɥɢɱɢɧɵ ɩɨɩɟɪɟɱɧɨɣ ɜɨɥɧɵ. 

ɋɯɟɦɚ ɝɟɧɟɪɚɬɨɪɚ ɫɟɣɫɦɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ (ȽɋɄ) ɦɢɧɨɦɟɬɧɨ-ɩɥɭɧɠɟɪɧɨɝɨ ɬɢɩɚ ɩɪɢɜɨɞɢɬɫɹ 
ɧɚ ɪɢɫ.1. 


